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USER INTERFACE DEVICE WITH 
ACTUATED BUTTONS 
BACKGROUND 
[0001] Most computer users use a mouse and keyboard to 
interact With the software running on a computer and the 
functionality of a computer mouse has remained almost 
unchanged for many years. The mouse and keyboard, Which 
are just tWo examples of user interface devices, enable a user 
to provide user input to the softWare through depressing but 
tons or keys or by scrolling a Wheel or moving the mouse. 
Other than an audible click When a mouse button is depressed 
or a scroll Wheel rotated, these devices do not provide the user 
With any feedback. 
[0002] With the advent of touch-sensitive displays, users 
can noW interact directly With the softWare graphical user 
interface and some computing devices noW offer on-screen 
keyboards in addition to, or instead of, a physical keyboard. 
As a user of an on-screen keyboard does not experience the 
sensation of pressing doWn a key, some on-screen keyboards 
offer haptic feedback in the form of a small vibration (eg 
using the vibration alert motor contained in a mobile tele 
phone) When a key press is detected by the on-screen key 
board softWare. 
[0003] The embodiments described beloW are not limited 
to implementations Which solve any or all of the disadvan 
tages of knoWn user interface devices. 
SUMMARY 
[0004] The folloWing presents a simpli?ed summary of the 
disclosure in order to provide a basic understanding to the 
reader. This summary is not an extensive overvieW of the 
disclosure and it does not identify key/critical elements of the 
invention or delineate the scope of the invention. Its sole 
purpose is to present some concepts disclosed herein in a 
simpli?ed form as a prelude to the more detailed description 
that is presented later. 
[0005] A user interface device With actuated buttons is 
described. In an embodiment, the user interface device com 
prises tWo or more buttons and the motion of the buttons is 
controlled by actuators under softWare control such that their 
motion is inter-related. The position or motion of the buttons 
may provide a user With feedback about the current state of a 
softWare program they are using or provide them With 
enhanced user input functionality. In another embodiment, 
the ability to move the buttons is used to recon?gure the user 
interface buttons and this may be performed dynamically, 
based on the current state of the softWare program, or may be 
performed dependent upon the softWare program being used. 
The user interface device may be a peripheral device, such as 
a mouse or keyboard, or may be integrated Within a comput 
ing device such as a games device. 
[0006] Many of the attendant features Will be more readily 
appreciated as the same becomes better understood by refer 
ence to the folloWing detailed description considered in con 
nection With the accompanying draWings. 
DESCRIPTION OF THE DRAWINGS 
[0007] The present description Will be better understood 
from the folloWing detailed description read in light of the 
accompanying draWings, Wherein: 
[0008] FIG. 1 shoWs tWo examples of user interface devices 
comprising actuators; 
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[0009] FIG. 2 is a How diagram of an example method of 
operation of a user interface device, such as those shoWn in 
FIG. 1; 
[0010] FIG. 3 is a schematic diagram of a servo motor; 
[0011] FIG. 4 shoWs example pro?les of button resistance 
against button position; 
[0012] FIG. 5 is a schematic diagram of a modi?ed servo 
motor; 
[0013] FIG. 6 is a schematic diagram shoWing the inference 
of pressure on a button based on servo position; 
[0014] FIG. 7 shoWs various examples of user interface 
device recon?guration; and 
[0015] FIG. 8 illustrates various components of an exem 
plary improved user interface device Which may be connected 
to or integral With a computing-based device. 
[0016] Like reference numerals are used to designate like 
parts in the accompanying draWings. 
DETAILED DESCRIPTION 
[0017] The detailed description provided beloW in connec 
tion With the appended draWings is intended as a description 
of the present examples and is not intended to represent the 
only forms in Which the present example may be constructed 
or utiliZed. The description sets forth the functions of the 
example and the sequence of steps for constructing and oper 
ating the example. HoWever, the same or equivalent functions 
and sequences may be accomplished by different examples. 
[0018] FIG. 1 shoWs tWo examples of user interface devices 
comprising actuators Which, When actuated, change the 
physical position of one or more physical buttons (Which may 
also be referred to as keys) under softWare control and Where 
the position or motion of at least tWo buttons is linked or 
inter-related in some Way. The ?rst example of such a user 
interface device is an improved mouse Which is shoWn in the 
?rst tWo schematic diagrams 101, 102 (the ?rst diagram 101 
shoWs a cross-section vieW and the second diagram 102 
shoWs a vieW of the mouse from above) and the second 
example is an improved keyboard Which is shoWn in the third 
schematic diagram 103. It Will be appreciated that these dia 
grams shoW only those features of the user interface devices 
Which are relevant to describing the improvements to such 
devices and that such improved user interface devices may 
comprise other elements (eg a computer mouse may also 
comprise a scroll-Wheel, circuitry etc) not shoWn in FIG. 1. 
Additionally, for reasons of clarity, the improved keyboard 
shoWn in diagram 103 only has a small number of keys. It Will 
be appreciated that the keyboard may have the same number 
and layout of keys as a standard QWERTY keyboard (With or 
Without a number pad) or the keyboard may have any other 
arrangement and/ or number of keys. 
[0019] The improved mouse device 104, shoWn in dia 
grams 101, 102, comprises tWo buttons 105, 106 (although 
only one of the buttons is visible in diagram 101) Which are 
mounted on a shaft 108 along one edge and about Which they 
can pivot (as indicated by double-ended arroW 110). The 
mouse 104 also comprises at least one actuator 112 (Which 
may be an electro-mechanical actuator) Which is operable to 
change the physical position of the buttons 105, 106. In this 
example, the mouse comprises tWo actuators 112 With each 
one being positioned beloW one of the buttons 105, 106 such 
that When actuated, each actuator 112 moves one of the but 
tons 105, 106. The motion of the buttons is controlled such 
that the position of the tWo buttons is inter-related (or linked). 
The mouse may further comprise an interface element 114, 
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Which receives signals from a software program running on a 
computing device (block 202) and converts these into control 
signals for the actuators (block 204), as shoWn in the How 
diagram of FIG. 2. In some embodiments, the mouse may not 
comprise an interface element 114 and in such an instance, 
the interface may be incorporated Within a computing device 
to Which the mouse is connected and control signals sent 
directly to the actuators 112. 
[0020] In an example implementation, the actuators 112 are 
small servo motors Which, as shoWn in FIG. 3, comprise a DC 
motor 302, gear train 304, position sensing potentiometer 
306, control circuitry 308 and a physical output drive 310. 
The position/rotation of the physical output drive 310 is con 
trolled by applying a pulse-Width modulated (PWM) signal to 
the servo motor and an example device alloWs the position of 
the physical output drive 3 1 0 to be set approximately betWeen 
0 and 180°. Further examples of actuators 112 are described 
beloW With reference to the improved keyboard 120; hoWever 
any of the actuators described herein may be used for any of 
the examples described herein. 
[0021] The improved keyboard 120, shoWn in diagram 103, 
comprises a plurality of buttons 122, Which may also be 
referred to as keys, and an actuator (as indicated by dotted 
circle 124) associated With each key. Each actuator 124 is 
operable to move its associated key 122 under softWare con 
trol, e. g. to any position in a range betWeen a non-depressed 
‘normal’ position and a retracted position (Which may be such 
that the key looks as if it has been depressed). As described 
above in relation to the improved mouse device, the motion of 
the keys is controlled such that the position or motion of tWo 
or more keys is inter-related (or linked). Although it is not 
visible in FIG. 1, the keyboard may further comprise an 
interface element Which receives signals from a softWare 
program running on a computing device (block 202) and 
converts these into control signals for the actuators (block 
204), as shoWn in the How diagram of FIG. 2. Alternatively, 
the interface functionality may be incorporated Within a com 
puting device to Which the keyboard is connected and control 
signals sent directly from the computing device to the actua 
tors. 
[0022] In an example implementation of an improved key 
board, the actuators 124 may comprise solenoids or pieZo 
electric air pump actuators (eg the MicrobloWer provided by 
the Murata Manufacturing Co., Limited) or other pieZo-elec 
tric or shape-memory alloy based actuators (e.g. bimorph 
actuators or those provided by Murata Manufacturing Co., 
Limited). In another example, a voice-coil motor may be used 
as an actuator (potentially in combination With a magnetic 
Hall Effect sensor to determine the position of the device) and 
further examples of actuators are described above With refer 
ence to the improved mouse device 104. 
[0023] FIG. 1 shoWs just tWo examples of user interface 
devices Which comprise actuators that are arranged to change 
the physical position of tWo or more physical buttons on the 
device under softWare control and Where the position or 
motion of at least tWo buttons is linked or inter-related in 
some Way. Other examples of user interface devices include 
games controllers and other types of pointing devices (eg 
trackballs, joysticks, etc.). The examples described above are 
peripheral devices for a computer or games console; hoWever, 
the use of actuators to control the physical position of physi 
cal (as opposed to soft) buttons is also applicable to other 
types of user interface device, such as user interface devices 
Which are connected to other types of computing devices (eg 
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in car controls for a car management computer) or Which are 
integrated devices (e. g. gaming devices Where the games 
console and the controller are integrated into a single unit 
such as a portable or hand-held gaming device). 
[0024] The actuators in a user interface device (such as 
actuators 112, 124 in FIG. 1) may be actuated to control the 
motion of buttons (under softWare control and Where the 
motion/position of tWo or more buttons is inter-related) to 
provide a user interface device With neW or improved func 
tionality. The control of the motion of the buttons may, for 
example, result in a button moving (i.e. the position of a 
button changing) or result in a button moving in a different 
Way When a user applies pressure. The position/motion of the 
buttons may be dependent upon one or more factors such as 
the softWare program With Which a user is interacting (eg an 
application or game) and its state/context (eg the current 
on-screen task), the cursor position etc. Examples of this neW 
or improved functionality include: 
[0025] providing feedback to the user about the state/ 
context of a softWare program; 
[0026] recon?guring the user interface device; and/or 
[0027] enhancing the user input provided by the user 
interface device. 
Although these three different functions are described sepa 
rately beloW, it Will be appreciated that a single user interface 
device With actuators to control the positions of buttons may 
provide more than one of these functions, eg an improved 
mouse Which provides feedback to the user and also enables 
enhanced user input, an improved keyboard Which is recon 
?gurable and enables enhanced user input or an improved 
games controller Which provides feedback to the user, is 
recon?gurable (e. g. depending on the game or game level 
being played) and enables enhanced user input. 
[0028] There are many examples of Ways that the motion of 
tWo or more buttons may be inter-related (or linked) and the 
nature of the relationship (or linking) may depend on the 
functionality Which is being provided and a number of 
examples are provided beloW. It Will be appreciated that this 
is not an exhaustive set of examples and in further examples, 
the examples of inter-related motion or position of buttons set 
out beloW may be combined or used in relation to provision of 
different functionalities. 
[0029] In some examples a group of buttons may be moved 
in a linked manner under softWare control so that their relative 
position to each other does not change (and in such an 
example, a single actuator may be used to move all of the 
buttons or there may be multiple actuators Which are con 
trolled together). Any movement may be independent of any 
actuation of a button by the user (e.g. Where the user feels or 
vieWs the button position or motion), for example Where this 
is being used to recon?gure a user interface device, or the 
movement may be in response to user actuation of a button 
(eg in response to a user depressing one button, a set of 
buttons may automatically be depressed using the actuators 
Within the user interface device). In some examples a group of 
buttons may move substantially simultaneously but in other 
examples the inter-related motion may result in buttons mov 
ing at different times (e. g. sequentially). 
[0030] In one example, When a user moves one button, this 
motion is detected and one or more actuators are controlled 
(eg by an interface element Within the user interface device) 
so as to move at least one other button in a corresponding (i.e. 
same or similar) manner (eg tWo or more buttons may move 
in synchronization With each other). This may enable groups 
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of keys to be con?gured to operate as a single unit, such that 
if a user depresses one key in the group, all the other keys in 
the group are moved (by their associated actuators) by the 
same amount (and in the same Way) as the depressed key. 
[0031] In another example, When a user depresses one but 
ton, one or more other buttons are retracted (so that they 
cannot be depressed) based on Which button the user 
depressed. This may be used to remove options Which are no 
longer available to a user or for training/ guidance purposes, as 
described in more detail beloW. 
[0032] In a further example, When a user moves one button 
doWnWards, this motion is detected and one or more actuators 
are controlled so as to move at least one other button is moved 
upWards by a similar (or identical) amount. Such operation 
may be referred to as ‘volumetric mode’. In this mode of 
operation, the positions of all the buttons in the group Which 
includes the user actuated button are related so that they 
cannot be greater than a de?ned ‘volume’. If in an example, 
the group comprises tWo buttons and a total ‘volume’ of one, 
if one button is moved by a user from a position 0.5 to 0.2, 
then the other button is moved by an actuator (under softWare 
control) from 0.5 to 0.8. The connection of tWo buttons in this 
manner results in a see-saW like con?guration Where the 
depression of one button by a user results in the other rising 
and this situation may be extended to a group of more than 
tWo buttons. 
[0033] Further examples of the Ways that the motion/posi 
tion of buttons are inter-related are described beloW With 
reference to the particular functions Which they provide. 
Although the examples described herein refer principally to 
vertical motion of buttons (i.e. changing the button height), 
this is by Way of example only and the buttons may in addi 
tion, or instead, move laterally or in any other manner. Pro 
vision of feedback to the user 
[0034] As described above, existing user interface devices, 
such as mice and keyboards, alloW a user to provide user input 
to a computing device but do not provide any feedback to the 
user about the state or context of the softWare program (Which 
may be an operating system or application) Which is being 
used. Any feedback that is provided is limited to con?rmatory 
sounds or sensations to con?rm that a button (Which may also 
be referred to as a ‘key’, particularly in relation to a keyboard) 
has been pressed. Through use of the actuators (e.g. actuators 
112, 124 described above), an improved user interface device 
as described herein can provide feedback to the user about the 
state/context of the softWare program being used by changing 
the physical position of buttons on the user interface device 
and/or through changing the resistance felt by a user When 
pressing a button. The feedback provided to a user may com 
prise haptic feedback, force feedback, guidance feedback or 
any other type of feedback. In many examples described 
beloW, the position of the buttons is changed by raising or 
loWering the button (e. g. as indicated by arroW 11 0 in diagram 
101 of FIG. 1) but in other examples, the lateral position of a 
button may be changed (in addition to or instead of changing 
the vertical position of the button). 
[0035] There are many examples of the types of feedback 
that may be provided to a user by the changing positions of 
buttons in an improved user interface device comprising 
actuators. In a ?rst example, as a user uses the user interface 
device (Which may be a mouse or other pointing device) to 
move a cursor over a geographic map (e.g. Within an appli 
cation such as WWW.bing.com/maps) the height of both the 
mouse buttons may be changed together to indicate the eleva 
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tion at the location under the on-screen cursor. In a second 
example, the height of both the mouse buttons may be 
changed to provide feedback about the current state of game 
play, (e. g. With the height of the buttons being dependent upon 
the remaining ammunition levels of a user in a ?rst-person 
shooter game), or the task being undertaken by the user. 
[0036] In other examples, the feedback may indicate to a 
user Which actions are recommended and Which actions are 
not recommended (or not so highly recommended) When 
navigating through a softWare program, eg when a user 
places the cursor over a selection, Which may be a button or an 
item in a menu, that is highly recommended, the buttons may 
be moved upWards, and When a user places the cursor over a 
selection that is not recommended, the buttons may be moved 
doWnWards (e.g. Which may give an impression to the user 
that the buttons are ‘shrinking aWay’ from them). Altema 
tively, the buttons may have a default ‘loW’ position When the 
cursor is not over a button or link Which can be clicked upon 
(e.g. corresponding to the arroW icon in a Web broWser) and 
may be raised When the curser is placed over a button or link 
(eg corresponding to a pointing ?nger icon in a Web 
broWser). This functionality may be particularly useful for 
visually impaired users (possibly in combination With screen 
reader technology) to aid navigation. 
[0037] In yet another example, the relative positions of the 
tWo buttons 105, 106 may provide a user With tactile feedback 
on the position of a scroll bar, slider or rotary knob. In a 
default or central position, both buttons may be at the same 
height (i.e. level) and as the user presses one button doWn to 
change the position in one direction, the actuators may be 
used to raise the other button such that at an extreme position, 
one button is in its loWest position and the other button is in its 
highest position. Consequently by placing tWo ?ngers on the 
mouse a user can feel intuitively the position of the control 
and adjust it as required by pressing on the appropriate button. 
Such a feature may also enable ?ne control by a user of the 
position of the element Within the graphical user interface 
(GUI) being controlled (eg the scroll bar, slider or rotary 
knob) and this is an example of hoW a feature can provide 
multiple bene?ts Which go across the various example appli 
cations described herein. 
[0038] Feedback may also be provided to a user by control 
ling the motion of a button to change the response of the 
button to user applied pressure and various examples are 
shoWn in FIG. 4 Which comprises three graphs of resistance 
(on the y-axis) against buttonposition (on the x-axis). In other 
examples, the x-axis may alternatively represent the user’s 
applied force. By changing the resistance of the button to 
motion by the user using the actuators associated With the 
buttons, any resistance force pro?le may be generated: the 
?rst graph 401 shoWs a resistance pro?le for a spring, the 
second graph 402 shoWs a resistance pro?le for a bumpy (or 
undulating) surface and the third graph 403 shoWs a resis 
tance pro?le Which provides a user With haptic feedback of 
position increments in a continuous parameter scale. 
[0039] In an example implementation Where the actuators 
comprise servo motors, the applied external force may be 
measured using the potentiometer’s oWn position signal 501, 
as shoWn in FIG. 5 Which is a modi?cation of FIG. 3 (de 
scribed above). The applied external force is computed by 
comparing the actual position 602 of the physical output drive 
310 (derived from the position sensing potentiometer signal 
501) to the expected position 604 based upon the last PWM 
command sent to the servo (as shoWn graphically in FIG. 6). 
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Any difference between these tWo values is considered to 
result from a force being applied to the output drive. The 
direction of the applied force can be inferred from the sign of 
the difference betWeen these values. Due to the ?nite time it 
takes the output drive to move to a neW position following a 
neW PWM command being sent to the servo, in an example 
implementation, the externally applied force is not measured 
until after a short ‘settling’ time. 
[0040] Where such an implementation is used to generate 
the resistance feedback (eg as shoWn in the graphs of FIG. 
4), the servo’s position may be continually determined (by its 
potentiometer reading 501) using the folloWing equation: 
PositionChange:(ExpectedPosition-ActualPosition)— 
R(p) 
Where R(p) is the resistance force Which is dependent upon 
the servo position p (eg as shoWn in FIG. 4). In the simplest 
case Where R(p) is alWays 0, the servo Will actuate to Whatever 
position the servo has been manually pushed to by the user 
and no resistance feedback is provided. If hoWever a positive 
value is given to R(p), the movement to the actual position 
Will be decreased; thus resisting the user’s pressure. Addition 
ally if a pressure value less than R(p) is applied to the servo 
then it Will actuate in the opposite direction by an amount: 
R(p)-(ExpectedPosition-Actuall’osition) 
This gives the button behavior similar to a spring (as shoWn in 
graph 401). By varying the value of R(p), it is possible to 
create a varied pro?le of resistance throughout the movement 
of the servo Which could be used to simulate a more realistic 
spring that behaves according to Hooke’s laW or to simulate 
another pro?le (eg as shoWn in the other graphs 402, 403 in 
FIG. 4). The required force pro?le may be stored in a look-up 
table that speci?es a sequence of resistance force values that 
change as the servo is moved. 
[0041] In an example application, the resistance feedback 
described above may be used in a sculpting application to 
provide a user With tactile feedback Which conveys the physi 
cal properties of the sculpting material. 
[0042] The improved user interface devices described 
herein may be used to provide a user With guidance feedback, 
for example When training a user to use particular softWare. In 
such an example, the buttons may be actuated so as to guide 
the user to press the correct button and Where dependent upon 
the state or context of the application, buttons Which should 
not be pressed by the user next are retracted or otherWise 
moved out of position. There are many applications Where 
this ‘training mode’ may be implemented, for example, in 
teaching a user to touch type Where a user is given a passage 
of text to type and keys are retracted as the user types char 
acters so that only the correct button is available to press or so 
that buttons around the correct button are retracted and cannot 
be accidentally pressed. In other examples, the resistance 
feedback may be adjusted such that it is harder to press 
incorrect keys (i.e. more pressure is required) or if a user 
presses an incorrect key, the correct key may be moved (e.g. 
upWards). In another application, the improved user interface 
device may comprise an electronic musical instrument (eg a 
guitar, keyboard or Wind instrument) and keys may be actu 
ated to guide a user to depress the correct next keys to play a 
tune (in a corresponding manner to the typing example 
above). Where the improved user interface is used to provide 
Jun. 7, 2012 
guidance feedback to the user, the user may also be provided 
With an indication of their accuracy. 
Recon?guration of the User Interface Device 
[0043] Existing user interface devices are not recon?g 
urable and the physical arrangement of buttons cannot be 
changed. Throughuse of the actuators (e.g. actuators 112, 124 
described above), an improved user interface device as 
described herein can be recon?gured by moving, hiding or 
retracting (Which may also be referred to as ‘depressing’, i.e. 
so that they cannot be pressed by a user) buttons under soft 
Ware control or by grouping buttons together so that they 
function as a single unit (as mentioned above). This recon 
?guration may remove options Which are not available at a 
particular time (eg as a physical equivalent of graying out 
options in the GUI) and in Which case the buttons may be 
considered ‘state-aWare’. The recon?guration may, in addi 
tion or instead, provide a user With a larger area button (com 
prising a group of buttons) to touch. 
[0044] The recon?guration may be used to simplify the 
user interface device in a customizable Way and this may be 
used to make an interface more suitable for a particular appli 
cation, to reduce errors and/or to transform a user interface 
device for different access abilities (eg for young children or 
users With reduced dexterity, visual acuity, etc or for users 
With physical impairments). The ability to recon?gure the 
user interface device may make the improved user interface 
device suited to safety critical applications (eg for medical 
devices or safety systems in industrial plants) or environ 
ments or situations Where a user needs to react and make a 
decision quickly (e.g. vehicle controls). In some examples, 
the recon?guration of the physical keys may be combined 
With the use of a neW ?exible skin or cover Which may be 
placed over the existing keyboard to further change the visual 
appearance of the recon?gurable keyboard. 
[0045] Various examples of user interface device recon 
?guration can be described With reference to FIG. 7. In a ?rst 
example 701, a group of keys 711 are retracted under softWare 
control using the actuators associated With these keys. Once 
retracted, a user cannot depress these keys to provide user 
input. As described above, the group of keys 711 may be 
retracted for a short period of time to provide dynamic recon 
?guration of a user interface device as they correspond to 
options Which are not currently available to the user (eg 
because of a selection or made by a user) or they may be 
retracted for a longer period of time. 
[0046] In this latter situation, a ?exible skin 721 may be 
used to provide alternative labeling for the recon?gured user 
interface device, as shoWn in the second example 702, Where 
one ‘button’ 722, 723 from a user perspective may comprise 
a group of individual buttons 724 Which are arranged to move 
together (and may therefore be referred to as a ‘composite 
button’). Once the skin 721 is ?tted over the keyboard, each 
composite button 722, 723 appears to a user to be just a single 
large button. In the example shoWn in FIG. 7, one composite 
button 722 may be labeled ‘YES’ and the other composite 
button 723 may be labeled ‘NO’. In another example, the 
keyboard may be recon?gured and a skin applied to transform 
What might previously appear to be a QWERTY keyboard 
into an easy to use navigation device With buttons marked 
‘LEFT’, ‘RIGHT’, ‘UP’ and ‘DOWN’. It Will be appreciated 
that these are just tWo examples and the keyboard may be 
recon?gured in any Way. In an example application, the key 
board may be integrated Within a mobile telephone and may 
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be provide full a QWERTY keyboard for some applications, 
such as text entry (e. g. for sending of emails or text messages 
etc) but may be recon?gured to simplify the interface for 
other applications such as game playing, dialing a number, 
entering a PIN (personal identi?cation number) etc. 
[0047] In the second example 702 shoWn in FIG. 7, the 
retracted group of buttons 725 may be used to provide addi 
tional separation of the neW composite buttons 722, 723 to 
increase ease of use by a user. The additional separation 
reduces the accuracy With Which a user needs to press a button 
because if they miss-hit a button (eg button 722) and instead 
hit one of the retracted buttons (from group of buttons 725), 
no user input Will be detected and the user can have a second 
attempt at hitting the correct button. 
[0048] The third example 703, in FIG. 7 shoWs a mouse 
With the standard arrangement of buttons 731 and a scroll 
Wheel 732. In addition the mouse has tWo further buttons 733, 
734 Which are on arms 735 Which are retractable. Actuators 
Within the device (not visible in FIG. 4) are adapted to move 
the arms 735 under softWare control (as indicated by the 
double ended arroWs 436) either so that they extend out from 
the mouse such that the additional buttons 733, 734 are visible 
and accessible to a user (as in the arrangement shoWn in FIG. 
7) or so that the arms are retracted Within the mouse housing 
such that the additional buttons 733, 734 are not visible to a 
user (and in this example the device resembles a standard 
computer mouse). In an example application, the arms 735 
may be extended When a user is using a particular softWare 
application (Which may be a computer game) Which is 
designed to operate With the four buttons 731, 733, 734. In 
another example application the mouse may be used to 
replace another user interface device such as a dedicated 
games controller Which typically has more buttons than a 
standard mouse and When used for game play, the additional 
buttons 733, 734 may be extended and made accessible to a 
user. In a further example, buttons may be retracted When a 
user interface device is picked up (or the resistance force 
changed to make the buttons essentially inoperable as the 
required force is very large). This may be useful Where the 
user interface device can be operated on a surface or in-hand, 
such as a Wireless presenter mouse, to avoid a user from 
inadvertently clicking on buttons When holding the device. 
Enabling Enhanced User Input 
[0049] In addition to, or instead of, providing neW function 
alities through the movement of buttons using actuators, the 
improved user interface devices may enable enhanced user 
input, for example by detecting user applied pressure, as 
shoWn in FIG. 2. In such an arrangement, the buttons act as an 
input sensing device to detect user applied pressure, for 
example using the technique as described above With refer 
ence to FIGS. 5 and 6. As shoWn in FIG. 2, in some examples, 
the force applied to the buttons may be detected (block 206) 
and this force used to provide a user input (in the form of a 
control signal) to the softWare program (block 208). Where 
the user interface device comprises an interface element (eg 
interface element 114 in FIG. 1) this user input in the form of 
a control signal comprises data Which is representative of the 
detected force. There are many Ways that this force data may 
be used as an input and in one example it may be used as a 
con?dence indicator in relation to a choice made by the user 
(eg with a ?rm press of a button Which makes the choice 
indicating a higher level of con?dence than a lighter press of 
the button). 
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[0050] In another example, as described above, the relative 
motion of tWo buttons may be used to provide user input and 
this may enable ?ner, more accurate control by a user than is 
achievable using a single button. The relative motion may 
also be used to provide relative scrolling of a scroll bar or 
other control compared to absolute scrolling Which may be 
enabled by a user pressing doWn both buttons together. 
[0051] In a further example of an enhanced user input 
Which may be provided Where the buttons can be actuated 
under softWare control, buttons may be controlled to move 
back to a mid-position (or another position, such as a highest 
position) When the button reaches the end stop at its loWest 
position. This may, for example, be used Where the tWo mouse 
buttons are pressed doWn together to scroll doWn a WindoW. 
When they reach the end stop on the buttons travel, the actua 
tors cause the buttons to move to a higher position to enable a 
user to continue to scroll doWnWards if required. The device 
may be arranged to cause this resetting of the button positions 
in response to a particular detected user input, e. g. When a user 
presses doWn hard on both buttons (eg in a reaction Which 
may be a trampoline-like effect). Such a detected user input 
may be mapped to a particular control in a softWare program, 
for example, the ‘Undo’ function. In a variation of this, one 
button may be used to lock the position of a second button 
With either button then being used to act as a release for the 
locked button. In an example application Where a user Wishes 
to scroll through a long document, they may press a ?rst 
button When hovered over the ‘ scroll doWn’ button on the GUI 
and then press a second button to ‘lock’ the ?rst button in 
position. This Would result in continuous scrolling of the 
document doWn until the user pressed either of the buttons. 
[0052] In a further example, the buttons on a user interface 
device (eg an improved mouse) may be adapted to move 
both doWnWards When pressed by a user and upWards When 
pressure is released. In one example, Where the force on a 
button is measured (as described above), an applied force Will 
cause a button to move doWnWards. When the pressure on the 
button is released by the user, the button may be actuated to 
move upWards until a threshold pressure is detected or the 
button reaches its highest position end stop. In another 
example, the buttons may have sensors (for example, as 
marked by the dotted outlines 738 in the third diagram 703 of 
FIG. 7 and Which may be capacitive sensors) Which are able 
to detect a ?nger hovering over the button and a button may be 
actuated (in response to detection of a ?nger above the sensor) 
to move upWards to Where a ?nger is. Such an example 
enables a user to control the motion of a button in both 
doWnWards and upWards directions. 
Block Diagram of an Example System 
[0053] FIG. 8 illustrates various components of an exem 
plary improved user interface device 800 Which may be con 
nected to or integral With a computing-based device 802. The 
computing-based device 802 may be implemented as any 
form of a computing and/or electronic device, and Where the 
computing-based device 802 and user interface device 800 
are integrated and in some other implementations, some of 
the components shoWn separately in FIG. 8 may be combined 
(eg the functions of the interface element 804 may be per 
formed by the elements shoWn Within the computing-based 
device 802). 
[0054] User interface device 800 comprises an interface 
element 804, tWo or more buttons 806 and at least one actua 
tor 808. As described above, When actuated (eg by control 
US 2012/0139841Al 
signals received from the interface element 804) the actuators 
change the physical position of one or more buttons, Where 
the position or motion of at least tWo buttons is linked or 
inter-related. 
[0055] The interface element 804 comprises one or more 
processors 810 Which may be microprocessors, controllers or 
any other suitable type of processors for processing comput 
ing executable instructions to control the operation of the 
actuators in order to change the position of buttons, as 
described above. In some examples, for example Where a 
system on a chip architecture is used, the processors 810 may 
include one or more ?xed function blocks (also referred to as 
accelerators) Which implement a part of the method of con 
trolling the actuators in hardWare (rather than softWare or 
?rmware). The computer executable instructions, such as 
actuator driver softWare 812 and/ or resistance pro?le data 814 
(eg as described above With reference to FIG. 4) may be 
provided using any computer-readable media that is acces 
sible by the interface element 804. Computer-readable media 
may include, for example, computer storage media such as 
memory 816 and communications media. Computer storage 
media, such as memory 816, includes volatile and non-vola 
tile, removable and non-removable media implemented in 
any method or technology for storage of information such as 
computer readable instructions, data structures, program 
modules or other data. Computer storage media includes, but 
is not limited to, RAM, ROM, EPROM, EEPROM, ?ash 
memory or other memory technology, CD-ROM, digital ver 
satile disks (DVD) or other optical storage, magnetic cas 
settes, magnetic tape, magnetic disk storage or other mag 
netic storage devices, or any other medium that can be used to 
store information for access by a computing device. In con 
trast, communication media may embody computer readable 
instructions, data structures, program modules, or other data 
in a modulated data signal, such as a carrier Wave, or other 
transport mechanism. Although the computer storage media 
(memory 816) is shoWn Within the interface element 804 it 
Will be appreciated that the storage may be distributed or 
located remotely and accessed via a netWork or other com 
munication link. 
[0056] The interface element 804 also comprises an actua 
tor interface 818 Which provides an interface to the actuators 
808 in the user interface device 800 and a computing device 
interface 820 Which provides an interface for communication 
With the computing-based device 802. 
[0057] Computing-based device 802 comprises one or 
more processors 822 Which may be microprocessors, control 
lers or any other suitable type of processors for processing 
computing executable instructions to control the operation of 
the device. In some examples, for example Where a system on 
a chip architecture is used, the processors 822 may include 
one or more ?xed function blocks (also referred to as accel 
erators) Which implement a part of the method of operation of 
the device in hardWare (rather than softWare or ?rmware). 
Platform softWare comprising an operating system 824 or any 
other suitable platform softWare may be provided at the com 
puting-based device to enable application softWare 826, 
Which may include drivers 828 (Which may be dedicated 
drivers) for the user interface device 800, to be executed on 
the device. 
[0058] The computer executable instructions may be pro 
vided using any computer-readable media that is accessible 
by computing-based device 802. As described above, com 
puter-readable media may include, for example, computer 
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storage media such as memory 830 and communications 
media. Although the computer storage media (memory 830) 
is shoWn Within the computing-based device 802 it Will be 
appreciated that the storage may be distributed or located 
remotely and accessed via a netWork or other communication 
link (eg using a communication interface not shoWn in FIG. 
8). 
[0059] The computing-based device 802 also comprises an 
input/output controller 832 arranged to communicate With the 
user interface device 800 to receive and process user input 
signals and to provide control signals used by the interface 
element 804 to actuate the actuators 808 and move buttons 
806. The computing-based device 802 further comprises a 
display interface 834 arranged to output display information 
to a display device 836 Which may be separate from or inte 
gral to the computing-based device 802. This display infor 
mation may provide a graphical user interface With Which the 
user may interact using the user interface device 800. 
[0060] It Will be appreciated that both the user-interface 
device 800 and the computing-based device 802 may com 
prise additional elements not shoWn in FIG. 8 and only those 
elements Which relate to the improved functionality of the 
user interface device 800 are shoWn. 
Conclusions 
[0061] There are many applications for the improved user 
interface devices described herein and various example appli 
cations have been described above. Further example applica 
tions include industrial control systems (e. g. factories, poWer 
plants, Warehouse management etc), ?ight control systems, 
rehabilitation devices, accessibility support for the elderly, 
in?rm, or those With physical impairments, devices for 
infants With less developed motor control and multi-mode 
devices Where precision can be traded off for speed or ease of 
input, such as mobile phones for dialing vs. sending of text 
(eg SMS) messages. 
[0062] Although the present examples are described and 
illustrated herein as being implemented in a computing-based 
system Where the user interface device is a peripheral device, 
the system described is provided as an example and not a 
limitation. As those skilled in the art Will appreciate, the 
present examples are suitable for application in a variety of 
different types of systems and the user interface device may 
form part of an integrated device. 
[0063] The term ‘computer’ is used herein to refer to any 
device With processing capability such that it can execute 
instructions. Those skilled in the art Will realiZe that such 
processing capabilities are incorporated into many different 
devices and therefore the term ‘computer’ includes PCs, serv 
ers, mobile telephones, personal digital assistants and many 
other devices. 
[0064] The methods described herein may be performed by 
softWare in machine readable form on a tangible storage 
medium eg in the form of a computer program comprising 
computer program code means adapted to perform all the 
steps of any of the methods described herein When the pro 
gram is run on a computer and Where the computer program 
may be embodied on a computer readable medium. Examples 
of tangible (or non-transitory) storage media include disks, 
thumb drives, memory etc and do not include propagated 
signals. The softWare can be suitable for execution on a par 
allel processor or a serial processor such that the method steps 
may be carried out in any suitable order, or simultaneously. 
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[0065] This acknowledges that software can be a valuable, 
separately tradable commodity. It is intended to encompass 
software, which runs on or controls “dumb” or standard hard 
ware, to carry out the desired functions. It is also intended to 
encompass software which “describes” or de?nes the con 
?guration of hardware, such as HDL (hardware description 
language) software, as is used for designing silicon chips, or 
for con?guring universal programmable chips, to carry out 
desired functions. 
[0066] Those skilled in the art will realiZe that storage 
devices utiliZed to store program instructions can be distrib 
uted across a network. For example, a remote computer may 
store an example of the process described as software. A local 
or terminal computer may access the remote computer and 
download a part or all of the software to run the program. 
Alternatively, the local computer may download pieces of the 
software as needed, or execute some software instructions at 
the local terminal and some at the remote computer (or com 
puter network). Those skilled in the art will also realiZe that 
by utiliZing conventional techniques known to those skilled in 
the art that all, or a portion of the software instructions may be 
carried out by a dedicated circuit, such as a DSP, program 
mable logic array, or the like. 
[0067] Any range or device value given herein may be 
extended or altered without losing the effect sought, as will be 
apparent to the skilled person. 
[0068] It will be understood that the bene?ts and advan 
tages described above may relate to one embodiment or may 
relate to several embodiments. The embodiments are not lim 
ited to those that solve any or all of the stated problems or 
those that have any or all of the stated bene?ts and advantages. 
It will further be understood that reference to ‘an’ item refers 
to one or more of those items. 
[0069] The steps of the methods described herein may be 
carried out in any suitable order, or simultaneously where 
appropriate. Additionally, individual blocks may be deleted 
from any of the methods without departing from the spirit and 
scope of the subject matter described herein. Aspects of any of 
the examples described above may be combined with aspects 
of any of the other examples described to form further 
examples without losing the effect sought. 
[0070] The term ‘comprising’ is used herein to mean 
including the method blocks or elements identi?ed, but that 
such blocks or elements do not comprise an exclusive list and 
a method or apparatus may contain additional blocks or ele 
ments. 
[0071] It will be understood that the above description of a 
preferred embodiment is given by way of example only and 
that various modi?cations may be made by those skilled in the 
art. The above speci?cation, examples and data provide a 
complete description of the structure and use of exemplary 
embodiments of the invention. Although various embodi 
ments of the invention have been described above with a 
certain degree of particularity, or with reference to one or 
more individual embodiments, those skilled in the art could 
make numerous alterations to the disclosed embodiments 
without departing from the spirit or scope of this invention. 
1. A user interface device comprising: 
a plurality of physical buttons; and 
an actuator arranged to control motion of a button under 
software control, 
wherein the control of at least two buttons is inter-related. 
2. A user interface device according to claim 1, further 
comprising: 
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an interface element arranged to receive input signals from 
a software program and to output control signals to the 
actuator to control the motion of a button based on the 
input signals received. 
3. A user interface device according to claim 2, wherein the 
actuator is a servo motor and wherein the interface element is 
further arranged to detect user applied force by measuring a 
position signal output from the servo motor. 
4. A user interface device according to claim 3, wherein the 
interface element is further adapted to output data represen 
tative of the user applied force to the software program. 
5. A user interface device according to claim 2, further 
comprising a sensor located on a button and wherein the 
interface element is further arranged to receive a signal from 
the sensor and to output control signals to the actuator to 
move the button in response to detection of a ?nger above the 
sensor. 
6. A user interface device according to claim 1, wherein the 
user interface device is a pointing device. 
7. A user interface device according to claim 1, comprising 
a plurality of actuators, each actuator associated with a button 
and arranged to control the motion of the button under soft 
ware control. 
8. A user interface device according to claim 7, wherein at 
least one actuator is further arranged to move an associated 
button under software control such that the button moves in 
synchronization with a second button when depressed by a 
user. 
9. A user interface device according to claim 1, wherein the 
actuator is further arranged to control the motion of a button 
under software control such that a user cannot depress the 
button. 
10. A user interface device according to claim 9, wherein 
controlling the motion of a button such that it cannot be 
depressed by a user comprises automatically depressing the 
button under software control. 
11 . A user interface device according to claim 1, wherein in 
use the control of motion of buttons provides feedback to a 
user. 
12. A method of controlling a user interface device, the user 
interface device comprising a plurality of physical buttons 
and at least one actuator arranged to control motion of a 
button, and the method comprising: 
receiving a control signal from a software program; and 
outputting control signals to at least one actuator to control 
motion of at least two buttons on the user interface 
device, 
wherein the control of at least two buttons is inter-related. 
13. A method according to claim 12, wherein the control 
signal received from the software program is indicative of a 
current location of a cursor within a graphical user interface 
of the software program. 
14. A method according to claim 12, wherein the control 
signal received from the software program is indicative of a 
current state of the software program. 
15. A method according to claim 12, further comprising: 
detecting a force applied to a button; and 
outputting a control signal to the software program based 
on the detected force. 
16. A method according to claim 12, wherein the motion 
provides feedback to a user about the software program. 
17. A method according to claim 12, wherein the output 
ting control signals to at least one actuator comprises: 
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outputting control signals to at least one actuator to control based on the input signals received and Wherein the 
motion of a group of buttons such that they cannot be control of at least tWo buttons is inter-related. 
depressed by a user. 20. A recon?gurable user input device according to claim 
18. A method according to claim 17, Wherein the group of 19, Wherein the interface element comprises: 
buttons is selected dependent upon a current state of the a processor; and 
softWare program. a memory arranged to store executable instructions Which, 
19. A recon?gurable user input device comprising: When executed, cause the processor to: 
a plurality of buttons; receive an input signal from a softWare program; and 
an electro-mechanical 21011121101‘ associated With 621011 131111011 output control signals to at least tWo actuators to control the 
and arranged to Change 2‘ P05111011 0f the button; and motion of at least tWo buttons such that their motion is 
an interface element arranged to receive input signals from inter-related 
a softWare application and to output control signals to at 
least one actuator to control motion of at least one button 
